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0 Photocurable compositions. , 

0 Photocurable comiDositions comprising a photocurable resin produced by reacting from 0.4 to 0.9 equiv- 
alents of acrylic acid with 1.0 equivalents of a cresyl novolak-type epoxy resin and thereafter reacting the 
product with a dicarboxylic acid anhydride, the reaction of the acryiic acid with the cresol novolak-type epoxy 
resin having been catalysed in the absence of an amine or phosphine catalyst. The absence of an amine or 
phosphine catalyst avoids gelling, particularly at reactant ratios where gelling has been encountered hitherto. The 
compositions can be made one-pack, and they can be cured without the addition of further polymerisable 
components. 
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PHOTOCURABLE COMPOSITIONS 



This invention concerns photocurable compositions, particularly in the form of solder mask inks. 
British Patent Specification 2175908 describes solder mask inks based on novolak type photo-sensitive 
oligomers. Although these inks have satisfactory thermal resistance and electrical properties, they also 
contain a thermosetting resin in order to achieve these properties. This has the disadvantage that the 

5 thermosetting resin requires the presence of a catalyst, for example imidazole and/or methylaminobenzoate, 
which necessitates that the inks be of the two-pack type or premature cross-linking will occur. Thus once 
mixing has occurred, storage of the inks is often limited to a matter of two or three days. 

European Patent Specification 0273729 proposes solder mask inks consisting of mixtures of the 
products of reacting a dicarboxylic acid with a mixture of acrylates of cresol and phenol-type novolak resins 

10 in order to provide the inks with satisfactory thermal, electrical and development properties. The amount of 
acrylic acid reacted with the cresol novolak is set within narrow limits because at ratios of equivalents 
outside the specified range of from 0.9 to 1 .0, gelling of the reaction mixture occurs when it is subsequently 
reacted with the dicarboxylic acid anhydride. 

According to the present invention there is provided a photocurable composition comprising a 

75 photocurable resin produced by reacting from 0.4 to 0.9 equivalents of acrylic acid with 1 .0 equivalents of a 
cresol novolak epoxy resin and thereafter reacting the product with a dicarboxylic acid anhydride, the 
reaction of the acrylic acid with the cresol novolak epoxy resin having been catalysed In the absence of an 
amine or a phosphine catalyst. 

Amines and phosphines have been proposed hitherto for the catalysis of the reaction of epoxy resins 

20 with carboxyllc acids and subsequently with carboxyilc acid anhydrides. However, by not using such 
catalysts, gelling of the reaction mixture can be avoided, particulariy at ratios of reactants where gelling has 
hitherto been encountered. This has the further advantage that smaller amounts of acrylic acid can be 
reacted with the novolak resin, for example than are proposed in European Patent Specification 0273729, 
without gelling when the resultant acrylate is subsequently reacted with the dicarboxylic acid anhydride 

25 which enables compositions of the present invention to be formulated in one-pack form. The resultant resii . 
after reaction with the anhydride can also be cured without having to add further polymerisable compo- 
nents. 

The amount of acrylic acid reacted with the cresol novolak epoxy resin will usually be in the equivalent 
range of from 0.4 to 0.9 per equivalent of the epoxy resin, preferably in the range of from 0.4 to 0,8, and 
30 advantageously in the range from 0.7 to 0.8. This has the further advantage that sufficient epoxy groups can 
remain in the reaction product that the composition of the invention can be both photocurable and 
thermosetting, thereby enabling the use of a separate thermosetting resin to be avoided. 

Compositions of the present invention in the form of solder mask inks are easy to process and they 
have shown exceptionally good thermal and electrical properties. They have also shown good rhotocuring 
35 and development characteristics without the addition of a thermosetting epoxy resin. 

In accordance with the present invention, the catalyst for the reaction of the acrylic acid with the cresol 
novolak- type resin is other than an amine or a phosphine. A wide variety of materials can be used as 
catalysts that do not give rise to gellation. and they can be selected for example from transition metal 
compounds and Inorganic alkalis. Salts and organic complexes of transition metals are generally preferred, 
40 examples of such transition metals including chromium, tin, vanadium, and zirconium. Examples of organic 
complexes include acetylacetonates, e.g. chromium acetylacetonate. Examples of transition metal salts are 
carboxylate salts, for example salts of aliphatic carboxylic acids, and especially such salts described 
generally as soaps. Examples of the cations of such salts^are octanoate, 2-ethythexanoate, and stearate. 
Especially preferred transition metal salts by virtue of the good catalytic effect they provide combined with 
45 the avoidance of gelling are chromium octanoate and zirconium octanoate. 

Inorganic alkalis which can be used include alkali metal hydroxides, e.g. lithium hydroxide, and alkali 
metal carbonates, e.g. lithium carbonate and sodium carbonate. 

The amount of catalyst present should be sufficient to catalyse the reaction of the acrylic acid with the 
cresol novolak resin at a desired reaction rate, this preferably being from 0.01 to 2.0 percent based on non- 
50 volatile components of the reaction of the epoxy compound with the acrylic acid. 

A free radical scavenger, for example 4-methoxyphenol or more particulariy oxygen, is preferably 
present during both reaction steps in order to prevent premature cross-linking of the products of either of 
the reaction steps. 

The subsequent reaction of the novolak acrylate with the dicarboxylic acid anhydride involves reaction 
of the anhydride with hydroxyl groups generated by the reaction of the acrylic acid with the novolak. The 
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molar ratio of anhydride to. hydroxy! groups in this subsequent reaction is preferably from 0.4 to 1.0 and 
more preferably from 0.5 to 0.8. 

Compositions of the present invention have exhibited rapid photocuring combined with alkali solubility 
of the uncured compositions which provides good developability. Furthermore, at ambient temperature 
5 compositions of the invention have shown stability on storage for several months compared with the few 
days of prior art compositions. 

The following Examples are given by way of illustration only. All parts are by weight unless otherwise 

stated. 

10 

Example 1 

430 parts of cresol-novolak epoxy resin (Quatrex 3710, available from Dow Chemicals - epoxy 
equivalent 215) were heated at 100 'C with and dissolved in 312 parts of ethoxyethyl propionate whilst 
75 sparging the mixture with dried air, the air flow being continued throughout the subsequent steps. 2 parts of 
4-methoxyphenol and 6 parts of a 70% solution of zirconium octoate in white spirit were added to the 
mixture. 

105 parts (1.45 equivalents) of acrylic acid were then added at 95-100 C over 1 hour. 
The temperature of the reaction mixture was then raised to and held at 105" C until the product had an 
20 acid value of less than 2 milligrams of KOH/g of resin produced. 133^parts of tetrahydrophthalic anhydride 
were then added, and the resulting mixture was maintained at 105' C for 6 hours, after which time the 
amount of free anhydride in the product was less than 3.0% by weight. 

140 parts of the resin produced, 4 parts of 2-ethyi-anthraquinone, 6 parts of acyl phosphine oxide. 4 
parts of 2-{iso-propyl)thioxanthone, 10 parts of 1 -hydroxy cyclohexyl acetophenone, 30 parts of talc. 6 parts 
25 of silica. 8 parts of flow controller (Modaflow from Monsanto). 2 parts of phthalocyanine green pigment. 4 
parts of' aliphatic urethane diacrylate (Photomer 6217 from Harcross). 4 parts of epoxy novolak acrylate 
(Ebecryl 639 from UCB Chemicals) were mixed together to form a homogenous paste which was then 
ground using a roll mill to produce a solder mask ink composition. 

The composition was applied by screen printing to an IPC-B-25 test panel to achieve a wet filrn 
30 thickness of 35 microns. The film was heated at SO'C for 40 minutes to achieve a hard. dry. tack-free 
coating. 

Using a diazo or a silver haiide photo-tool artwork, the coating was selectively exposed for 50 seconds 
to ultra-violet light of a wavelength predominantly in the region of 365nm at a power of 450mj/cm , 

After the exposure, the photo-tool was removed, and the unexposed areas of the coated panel were 
35 removed by spraying with a 1% aqueous solution of sodium carbonate at a temperature of 35 0. 
During processing the panel was then subjected to the following tests:- 

1. After exposure, it was observed that the artwork did not stick to pre-dry film after being left in contact 
under a vacuum of 0.85Torr. 

2. After development in 1% aqueous sodium carbonate solution at 35 C - there were no residues left on 
40 unexposed areas. 

The coating on the panel was then cured further by heating it to 145 C for 60 minutes. The cured 
panel was then subjected to the following tests:- 

3. Cross hatch and tape test - according to BS 6096. 

4. Solder resistance - tested by 2 pass hot air solder levelling, a tape adhesion test being effected after 
45 each pass. 

5. Solvent resistance - according to BS 6096. 

6. Flux compatibility - according to BS 6096, 

7. Insulation resistance - according to IPC 7 day procedure in document IPC SM840B - Classlll. 
The results of the tests are given in the accompanying Table. 



Example 2 

402 parts of cresol epoxy novolak (EOCN - 1025 available from Nippon Kayaku - epoxy equivalent 
weight 201) were heated and dissolved in 337 parts of 2-butoxyethyl acetate at lOO' C with dry air sparging 
as described in Example 1. Thereafter, the mixture was reacted with 105 parts of acrylic acid and 
subsequently with 118 parts of maleic anhydride in a manner similar to the procedure described in Example 
1. 140 parts of the resulting resin were used to produce a solder mask ink as described in Example 1 using 
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the same amounts of the other materials. Test data obtained for a coated and cured panel using this ink are 
given in the accompanying Table. 



5 Example 3 

420 parts of cresol epoxy novolak (Quatrex 3410 from Dow Chemicals - epoxy equivalent 210) were 
dissolved in 469 parts of 2-isopropoxy ethyl acetate. The two stage reaction procedure described in 
Example 1 was followed, except that 105 parts of acrylic acid were used in the first stage, and 178 parts of 
70 phthalic anhydride were used in the second stage. 

140 parts of the resin produced were then used to produce a solder mask ink as described in Example 
1 using the same amounts of materials. Test data obtained for a coated and cured panel using this ink are 
given in the accompanying Table. 

15 

Comparative Example A 

358 parts of phenol novolak epoxy resin (DEN 438 from Dow Chemicals - epoxy equivalent 179) were 
dissolved in 231 parts of 2-ethoxyethyl propionate at 100° G. The two stage reaction procedure described in 
20 Example 1 was followed, except that 74 parts of acrylic acid were used in the first stage, and 108 parts of 
tetrahydrophthalic anhydride were used in the second stage. 

140 parts of the resin produced were then used to produce a solder mask ink as described in Example 
1 using the same amounts of the other materials. Test data obtained for a coated and cured panel using 
this ink are given in the accompanying Table. 



Comparative Example B 



380 parts of phenol novolak type epoxy resin (Epikote 155 from Shell - equivalent weight 190) were 
30 dissolved in 296 parts of 2-butoxyethyl acetate at 100° C. The two stage reaction procedure described in 
Example 1 was followed except that 72 parts of acrylic acid were used in the first stage, and 98 parts of 
maleic anhydride were used in the second stage. 

1 40 parts of the resin produced were then used to produce a solder mask ink as described in Example 
1 using the same amounts of the other materials. Test data obtained for a coated and cured panel using 
35 this ink are given in the accompanying Table. 



Comparative Example C 

40 360 parts of a phenolic novolak epoxy resin {Araldite GY 1180 from CIBA-GEIGY - epoxy equivalent 
180) were dissolved in 312 parts of iso-propoxyethyl acetate at 100* C. The two stage reaction procedure 
described in Example 1 was followed, except that 72 parts of acrylic acid were used in the first stage, and 
148 parts of phthalic anhydride were used in the second stage. 

140 parts of the resin produced were then used to produce a solder mask ink as described in Example 

45 1 using the same amounts of materials. Test data obtained for a coated and cured panel using this ink are 
given in the accompanying Table. 
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Table 
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Example 


1 


2 


3 


A 


B 


C 




Sticking of Photo-artwork after pre-dry 


None 


None 


None 


Some 


Yes 


Yes 




Development properties 


Excellent 


Excellent 


Excellent 


Good 


Good 


Fair 




Cross hatch & tape test 


100/100 


100/100 


100/100 


95/100 


90/100 


90/100 




Solder resistance 260* C Sn/Pb 


Excellent 


Excellent 


Excellent 


Good 


Good 


Fair 




Solvent resistance - methylene chloride 


Excellent 


Excellent 


Excellent 


Good 


Good 


Fair 




Rux compatability 


Excellent 


Excellent 


Good 


Excellent 


Good 


Good 




insulation resistance (ohms x100 


2000 


900 


250 


7.0 


5.0 


1.5 



15 



Claims 

20 1. A photocurable composition comprising a photocurable resin produced by reacting from 0.4 to 0.9 
equivalents of acrylic acid with i.O equivalents of a cresyl novolak-type epoxy resin and thereafter reacting 
the product with a dicarboxylic acid anhydride, the reaction of the acrylic acid with the cresol novolak-type 
epoxy resin having been catalysed in the absence of an amine or phosphine catalyst. 

2. A composition according to claim 1, wherein the catalyst comprises a transition metal compound or an 
25 inorganic alkali. 

3. A composition according to claim 2, wherein the catalyst comprises a transition metal salt or a transition 
metal complex. 

4. A composition according to claim 3. wherein the catalyst is a zirconium or a chromium salt. 

5. A composition according to any of the preceding claims, wherein the catalyst is a salt of an alkanotc aci J. 
30 6. A composition according to any of the preceding claims, wherein the catalyst comprises a salt of 

octanoic acid. ^ 

7. A composition according to any of the preceding claims, wherein the catalyst is present in an amount of 
from 0.01 to 2.0 percent based on the non-volatile components of the reaction of the epoxy resin with the 
acrylic acid. 

35 8. A composition according to any of the preceding claims, wherein from 0.7 to 0.8 equivalents of acrylic 
acid have been reacted with 1 .0 equivalents of a cresol novolak epoxy resin. 

9. A composition according to any of the preceding claims, wherein the photocurable resin has been 
produced by reacting from 0.4 to 1.0 equivalents of the dicarboxylic acid per equivalent of hydroxy groups 
present in the product of reacting the acrylic acid with the cresol novolak epoxy resin. 
40 10. A composition according to claim 9. wherein from 0,5 to 0.8 equivalents of the dicarboxylic acid have 
been reacted with 1.0 equivalents of the said hydroxy groups. 

1 1. A composition according to any of the preceding claims, which is both photocurable and thermosetting 
without the addition of a thermosetting resin. 

12. A composition according to any of the preceding claims, in the form of a solder mask ink. 
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